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Abstract

Parkinson’s disease (PD) is characterized by resting tremor, bradykinesia,
rigidity, and postural instability. These cardinal symptoms commonly affect gait
performance and therefore researchers have been investigating techniques to
manage and treat gait impairment in individuals with PD. This thesis explores a
progressive approach to gait rehabilitation using a novel intervention that combines
traditional gait cueing techniques with motor learning approaches to facilitate selfcued gait improvement. Five participants with PD-related gait impairment completed
the home-based gait training intervention. This intervention included video footage of
each individual participant walking with and without verbal instructional cues, audio
coaching, and practice periods. Participants were given the video to practice at
home for two-weeks. Kinematic parameters of gait were assessed pre-intervention,
at two weeks post-intervention, and at two months post-intervention. Results indicate
that individuals with PD are capable of learning verbal-cueing strategies and utilizing
these to generate long-term gait improvements through self-cueing.
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Chapter 1

1

An Introduction to Gait Impairment in Parkinson’s Disease: Problems and
Solutions
Parkinson’s disease (PD) is a neurodegenerative disorder characterized

by resting tremor, rigidity, slowness of movement, and postural instability
resulting from loss of dopaminergic neurons in the pars compacta of the
substantia nigra (Meissner et al., 2011). Estimations of PD prevalence vary,
depending on which method is used to gather data, the age of a given population
being measured, and the country or countries being surveyed; however, typical
prevalence estimations range between 100 and 150 cases per 100 000 people
(Abbruzzese, Pelosin, & Marchese, 2008; Dorsey et al., 2007; Harris, Koehoorn,
& Teschke, 2011; Totaro et al., 2005). Canadian specific estimates of PD
prevalence range considerably, from 69 to 248.9 cases per 100 000 people
(Jones, Wayne Martin, Wieler, King-Jesso, & Voaklander, 2011). In 2012,
Parkinson Society Canada estimated that more than 100 000 Canadians have
PD (Parkinson Society Canada, 2012). According to Dorsey et al. (2007), the
prevalence of PD has been growing since 2005, and is expected to continue
growing through to 2030.
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1.1

Gait Impairment in PD
PD negatively affects gait performance and balance, which can lead to

falls and decreased quality of life (Grimbergen, Munneke, & Bloem, 2004;
Shulman, 2010; Shulman et al., 2008). Gait impairment in PD is characterized by
decreased stride length, slowed velocity, impaired cadence, and variable gait
rhythm. Often, individuals with PD will also lose the normal heel-toe gait pattern
and walk with a flat foot. As the disease progresses, the gait impairments
worsen and individuals may develop a festinating gait pattern, with short-rapid
steps, or freezing of gait, with hesitations and stoppages. Robust evidence
suggests that individuals with PD who experience gait impairment may be able to
maintain the ability to execute high quality gait patterns, with the aid of
rehabilitation strategies such as visual or auditory cues, or verbal coaching
(Morris, Iansek, Matyas, & Summers, 1996; Rochester et al., 2010; Rochester et
al., 2005; Werner & Gentile, 2010).

1.2

Typical Management of PD

The cause of neuronal loss in the substantia nigra, which characterizes
PD, has not been determined, and no cure for PD exists (Abbruzzese et al.,
2008). Management of PD is symptomatically based, and focuses both
pharmacologically and surgically on stimulation of the brain’s dopaminergic
system (Abbruzzese et al., 2008; Rochester, Nieuwboer, & Lord, 2011).
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Pharmacological therapy typically employs either dopamine agonists to stimulate
dopamine receptors in the brain, or levodopa (L-DOPA) based drugs, which are
processed by the body to eventually produce dopamine (Archibald & Burn,
2008). While effective in treating many of the symptoms of PD, pharmacological
therapy can cause serious side effects such as dyskinesia, hallucinations,
drowsiness, and impaired impulse control (Archibald & Burn, 2008; Meissner et
al., 2011). Further, the benefits of pharmacological therapy gradually fade
between dosages (“wearing-off” phenomenon), and as the disease progresses.
The result of these phenomena is that in later stages of PD effective
dopaminergic treatment requires higher dosages of medication, which produce
stronger side effects and more intense wearing-off symptoms (Abbruzzese et al.,
2008; Archibald & Burn, 2008; Hely, Morris, Reid, & Trafficante, 2005; Meissner
et al., 2011). Given the limitations and drawbacks of pharmacological therapy,
researchers and clinicians have suggested the guideline that dopamine agonists
and L-DOPA should be initiated in the treatment of PD only at the point when
symptoms begin to interfere with daily living (Archibald & Burn, 2008).
In addition to pharmacological therapies to treat PD symptoms, there is
strong support for motor rehabilitation based strategies to treat symptoms and
improve the quality of life for individuals with PD (Abbruzzese et al., 2008;
Archibald & Burn, 2008; Nieuwboer, Rochester, Muncks, & Swinnen, 2009;
Rochester et al., 2011). A recent narrative review of randomized clinical trials
investigating exercise and movement strategy training as therapeutic approaches
to PD treatment argues that these are effective ways to manage many symptoms
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of PD that are not responsive to, or become resistant to, pharmacological therapy
(Rochester et al., 2011). According to Rochester et al. (2011), a significant body
of research evidence exists to support the theory that exercise and movement
strategy training can, collectively, contribute to improvements in gait, posture,
balance, and physical function, can reduce the risk of falling, can improve
complex task performance, and can facilitate functional motor symptoms and the
successful performance of activities of daily living.
A 2010 study by Werner and Gentile offers strong evidence to support the
practice of using movement strategy training to improve gait in PD. Werner and
Gentile tested two instructional strategies during intensive walking practice. One
treatment group (n=6) received verbal instructions to “take big steps”, and a
second treatment group (n=6) received the same verbal instructions with video
feedback and performance cues between each of 15 walking performances. Both
groups performed 15 walking trials during each of four training sessions
occurring over a period of two weeks (two sessions per week). Though the
authors did not identify differences between the two training groups, both groups
showed improvement in stride length and gait velocity pre- to post-training, and
all participants tested in retention tests as 3, 6, and/or 12 months (n=7)
maintained stride length and gait velocity improvement above pre-training levels.
Complimenting evidence highlighted in the review by Rochester et al., Werner
and Gentile’s findings offer rationale for adopting of motor learning approaches to
gait management and rehabilitation in PD.
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1.3

Cueing Strategies for Gait Improvement in PD

Cueing strategies for gait improvement in PD include visual and auditory
stimuli that provide spatial and/or temporal strategies to aid in gait regulation.
Typical visual cues include stimuli such as lines taped to the floor that an
individual is instructed to step over, or a moving laser point that an individual is
instructed to walk towards (Azulay et al., 1999). Auditory cues included stimuli
such as music with a consistent beat, or rhythmic sounds such as beeps. The
individuals are instructed to walk matching the rhythm of the beat (McIntosh,
Brown, Rice, & Thaut, 1997; Thaut et al., 1996) . Cueing can also refer to verbal
instructional cues such as statements like “take long steps”(Fok, Farrell,
McMeeken, & Kuo, 2011; Lehman, Toole, Lofald, & Hirsch, 2005). Though the
specific mechanisms that make cueing approaches successful are still not clearly
identified, researchers have hypothesized that visual cueing is effective because
it focuses attention towards step execution (Morris et al., 1996; Praamstra,
Stegeman, Cools, & Horstink, 1998). Additionally, researchers have
hypothesized that auditory cueing may provide a compensatory rhythm that
makes up for the loss of rhythm regulation caused by dopaminergic degeneration
within the basal ganglia (McIntosh et al., 1997; Thaut et al., 1996).
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A recent meta-analysis has confirmed the efficacy of both visual and
auditory cueing techniques on gait kinematics in PD rehabilitation. In this metaanalysis, Spaulding et al. (2012) found that auditory cueing elicited significant
improvements in cadence, stride length, and velocity in individuals with PD, while
visual cueing improved stride length only. This meta-analysis included studies
published in English up to September 2011 entered in the scientific databases
EMBASE, Scopus, Medline, CINAHL, and PubMed. Most studies included in this
meta-analysis measured gait kinematics in a laboratory setting immediately after
cueing was applied; however, five of the 25 publications tested cueing
interventions that had post-test measurements between two and five weeks.
Typically auditory, visual, and instructional cues are used to generate
short-term improvement in gait kinematics (Spaulding et al., 2012). In 2011, Fok,
Farrell, McMeeken, and Kuo published a systematic review of the effects of
verbal instructional strategies used for gait improvement in individuals with mild
to severe PD (Hoehn and Yahr 1.8 to 3.1). The Fok et al. review featured 13
studies of verbal instructional cueing that incorporated data from 149
participants. They concluded that “the empirical evidence in support of the
benefits from verbal instructions is weak” (Fok et al., 2011, p.396). This
conclusion resulted from the analysis that the positive effects of verbal cueing
were short-term and limited to the specific cue “take big steps”. While some
criticism of a rehabilitation strategy that offers only limited short-term benefits is
warranted, short-term benefits are not reason enough to overlook the utility of
verbal instructional cueing. Perhaps, as in our research, verbal cueing can be
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implemented in a different way, one that is designed to offer longer-term benefits.
Researchers have begun to investigate various cueing protocols that offer longterm retention of gait improvements, and preliminary results are indicating that
individuals with PD may be able to “learn” cueing strategies (Rochester et al.,
2010; Werner & Gentile, 2010). The next phase of cueing research should focus
on facilitating cue learning and promote self-cueing among individuals with PD.

1.4

Motor Learning in PD
Motor learning refers to a set of processes and experiences associated

with practice that cause or enable an individual’s ability to perform a certain
movement pattern (Nieuwboer et al., 2009; Schmidt & Lee, 2011). Motor learning
can be seen as having three distinct and progressive stages: a cognitive stage in
which movement instructions and feedback are being introduced and delivered, a
refining stage where movement patterns are being improved upon usually with
the help of external feedback, and an autonomous stage where the movement
pattern becomes automatic and no longer requires significant cognitive capacity
(Nieuwboer et al., 2009). The striatum region of the brain is known to be involved
in the process of learning and, because PD is characterized by
neurodegeneration in this specific brain region, early PD researchers questioned
whether individuals living with PD were able to experience and benefit from
motor learning strategies (Doyon, 2008; Doyon et al., 1998). More recently,
convincing research has emerged to support the notion that despite the
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neuropathology of PD, individuals living with mild to moderate Parkinson’s are
capable of motor learning (Felix et al., 2012; Pendt, Reuter, & Muller, 2011;
Rochester et al., 2010).
Researchers have only recently begun to consider motor learning in the
context of PD; therefore, optimal conditions of practice for motor learning in PD
have not been clearly identified. Traditional motor learning research in healthy
populations is the best available evidence that can be used to inform approaches
to motor learning in PD, with research in observational learning being of
particular relevance for the specific task of gait rehabilitation. In Chapter 2 of this
thesis, an experiment is described that tested a novel gait retraining intervention
designed by the author of this thesis with consultation from the co-authors
(S.J.S., M.E.J., J.D.H.).

1.5

Merging Cueing Approaches with Motor Learning Strategies

Observational learning is one technique used to facilitate motor learning
and involves imitation of a motor pattern that is demonstrated by a model and
intended to encourage motor skill acquisition (Ashford, Bennett, & Davids, 2006).
A suitable model may be an expert performing the motor pattern of interest (an
expert model), a novice in the midst of learning that same motor pattern (a
learning model), or someone falling anywhere on the continuum between those
two extremes. Some research in healthy populations suggests that learning
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models can be just as helpful as expert models in demonstrating a task to be
learned (Pollock & Lee, 1992). Additional research in observational learning
suggests that motor learning may actually be optimized by a learning model
(McCullagh & Meyer, 1997), and by a model whose skill level resembles the
observer’s level (Braaksma, Rijlaarsdam, & van den Bergh, 2002). This principle
has not been tested in Parkinson’s populations; however, if transferable, it would
imply that individuals with PD could successfully imitate motor patterns
demonstrated by a learning model. Furthermore, the best approach to gait
retraining through observational learning in this population may be use of
learning models with PD.
Research in motor learning among healthy adults indicates that
observational learning is particularly useful in acquiring motor patterns for
complex tasks (Shea, Wright, Wulf, & Whitacre, 2000; Wulf, Raupach, & Pfeiffer,
2005; Wulf & Shea, 2002). This finding supports the theory of using an
observational approach to gait retraining in PD, because of the inherent
complexity of gait performance. This is especially true among individuals with PD
who typically require extra attentional focus to execute best possible gait
performances. Further support for the use of observational learning strategies in
PD gait retraining comes from a literature review which suggested that the
altered neural circuitry found in individuals with PD imposes a reliance on extra
sensory information for motor learning (Nieuwboer et al., 2009). Modeling
successful and high quality gait performances is one way to apply this theory to
gait retraining in PD.
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Compared to implicit motor learning, explicit motor learning is considered
to be less dependent on the basil ganglia structures and therefore less affected
by PD (Nieuwboer et al., 2009; Siegert, Taylor, Weatherall, & Abernethy, 2006).
If the paradigm of observation learning provides visual feedback of oneself
learning the task at hand, this approach will encourage a shift towards explicit
motor learning. Examples of motor learning paradigms in Parkinson’s
rehabilitation have used both visual and auditory cueing strategies to shift
attentional focus towards explicit motor learning (Azulay, Mesure, & Blin, 2006;
Felix et al., 2012; Morris et al., 1996; Werner & Gentile, 2010). Not only have
these strategies resulted in successful motor learning in the acquisition phase,
they have also been shown to facilitate motor learning lasting beyond the
removal of cues, and therefore facilitate retention.
Research into the effects of explicit motor learning through cueing
strategies for gait improvement in PD is conclusive, and efficacy of these
approaches no longer needs to be questioned. However, because visual and
auditory cueing typically require assistive devices that can be impractical or
unfeasible in some environments encountered in daily living, continuing research
should focus on transferring principles and knowledge gained through cueing
studies into rehabilitation strategies that might facilitate motor learning
independent of external cueing devices. Moving from cueing studies to design
and implementation of observational motor learning in Parkinsonian gait
retraining has strong theoretical support. A large body of cueing research
supports the idea that individuals with Parkinson’s are capable of motor learning,
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and that they retain their capacity to execute motor programming for high quality
gait performances. Observational learning in PD is a relatively new concept and,
because motor learning experiments have typically been conducted among
populations of healthy individuals and athletes, generalizations from traditional
motor learning research to PD rehabilitation must be made cautiously. Utilizing
motor learning approaches to gait retraining in PD is a theoretically sound
approach, and should be explored in more direct clinical applications.
The following study (Chapter 2) was motivated by the above research in
motor learning, specifically as it applies to PD. The author identified an
opportunity to bridge the fields of sensory cueing in PD rehabilitation with the
field of motor learning. The following intervention (Chapter 2) was designed to
empower individuals with PD by shifting traditional cueing strategies into selfcueing strategies with the hypothesis that individuals with PD may continue to
benefit from cueing without relying on external devices or people to provide the
cueing stimulus. The product of the following intervention design may hereafter
be considered “cognitive cueing”. It does not rely on the same attentional or
sensory strategies used in traditional visual, auditory, and instructional cueing
interventions, rather it was designed to use motor learning to facilitate skill
acquisition of self-cueing.
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Chapter 2

2

A Cognitive Cueing Approach to Gait Retraining In PD: Pilot Study Results

Introduction:
Gait impairment in Parkinson’s disease (PD) is characterized by shortened
step length, reduced velocity and variable gait rhythm. As the disease advances,
gait may progress to a short shuffling “toe-steps” pattern. Gait impairment in PD
is associated with increased disability and increased risk of falling in individuals
who experience this condition (Bloem, Hausdorff, Visser, & Giladi, 2004;
Grimbergen, Munneke, & Bloem, 2004; Josiah et al., 2012; Shulman, 2010).
Given the importance of delaying and reducing the disability impact of PD,
extensive research has focused on the application of external cues for gait
improvement in people with mild to moderate PD (M. E. Morris, Iansek, Matyas,
& Summers, 1996; Rochester et al., 2010; Rochester et al., 2005; Spaulding et
al., 2012). Robust evidence indicates that individuals with PD who experience
gait impairment maintain the ability to execute quality gait patterns when aided by
external visual or auditory cues. To date, however, results have predominantly
shown only short-term benefits of laboratory based external cueing (up to two
hours), with some indication of longer-term retention after extensive laboratorybased cueing training (M. E. Morris et al., 1996; Rochester et al., 2010; Werner &
Gentile, 2010).
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Research into the positive short-term effects of external cueing for gait
improvement in PD appears robust, and evidence for the efficacy of these
approaches is strong (Spaulding et al., 2012). Additionally, it has become
increasingly clear that individuals with mild to moderate PD are capable of
undergoing the processes involved with motor learning, despite the
neuropathology of this disease (Felix et al., 2012; Pendt, Reuter, & Muller, 2011;
Rochester et al., 2010; Werner & Gentile, 2010). Though external cueing can be
helpful for individuals with PD, it requires assistive devices that may be
impractical or unfeasible in certain environments. Research should focus on
applying principles of motor learning, which appear to be effective for people with
PD, to facilitate self-cueing in PD. The purpose of this study was to determine the
mid and long-term effects (two weeks and two months) of a novel home-based
gait retraining intervention that combined cueing techniques and motor learning
principals aimed at improving kinematic variables of gait and functional mobility.

Method:
Participants were recruited for this study from the practice of one of the
authors (M.E.J.), a neurologist specializing in movement disorders. A
convenience sample was collected based on the inclusion criteria of diagnosis
with mild to moderate PD, reported PD related gait impairment, and ability to
execute home-based practice. Patients were excluded if they had any indication
of cognitive impairment, orthopedic, or other neurological conditions that would
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impair gait performance, or any medical conditions that would limit gait
performance or practice (e.g., heart disease). None of the recruited participants
had experiences using video-feedback for gait improvement. This study was
approved by the Research Ethics Board at the University of Western Ontario
(Approval # 18935E) and as per this approval each participant read a letter of
information pertaining to the study and provided written informed consent prior to
participation.
Six patients between the ages of 56 and 83 were recruited to participate;
however, one dropped out of the study shortly after the initial pre-intervention
visit, and data hereafter refers to the sample size of n=5. Table 1 offers a
description of participant characteristics. PD symptoms of all participants were
assessed by the recruiting clinical neurologist (M.E.J.) using the Unified
Parkinson’s Disease Rating Scale (UPDRS) which evaluates rigidity, slowness,
tremor, gait and balance, and is correlated with disease severity (Shulman et al.,
2008). Participants attended an initial pre-intervention laboratory visit during
which baseline non-cued spatiotemporal parameters of gait were measured
using a GAITRite® instrumented carpet (CIR Systems, Inc., Sparta, NJ) and
intervention strategies were then established. Three non-cued walking trials were
performed and mean calculations from these three trials were used for all
calculations and descriptions. Functional mobility was assessed in a similar
manner; participants completed the consecutive Timed-Up-And-Go (TUG) tests
and a mean score was recorded. The TUG test involved participants standing
from a seated position, walking three meters, turning around at a line on the
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ground, walking back to the starting point and sitting down. This test has been
shown to have good test-retest reliability (r = 0.80; ((Huang et al., 2011)); and
high interrater reliability (ICC ≥ 0.87; (S. Morris, Morris, & Iansek, 2001)) in
people with PD.
Table 1
Participant Characteristics
P1

P2

P3

P4

P5

Male

Female

Female

Male

Male

Age

83

56

72

72

73

UPDRS

46

22

26

33

33

Years with PD

5

6

12

10

9

Gender

Note. P1-P5 = Participant 1 – 5; UPDRS = Unified Parkinson’s Disease Rating Scale
measured “on” medication

After baseline testing, during the pre-intervention visit, participants were
cued with verbal statements such as “take big steps” or “take long steps”. Video
of each participant walking with and without verbal cueing was captured during
this laboratory session using a digital video camera (SONY DCR-TRV730),
edited, formatted using iMovie (®Apple Inc.), and delivered to participants as a
“video intervention”. Interventions were delivered either as .M4V files burned onto
a DVD, or as .M4V file transferred directly onto participant owned iPads (®Apple
Inc.). For the cued gait portion of the video intervention, only footage of cues that
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were deemed to be beneficial for a particular participant was included in that
participant’s video intervention. See Table 2 for a description of the specific cues
each participant was prescribed. This decision was after members of the
research team reviewed footage from the pre-intervention visit.

Table 2
Prescribed Cues
P1

P2

P3

P4

P5

Take big, long steps

✔

	
  	
  

✔

✔

	
  	
  

Take long steps

✔

	
  	
  

	
  	
  

	
  	
  

✔✔

Walk heel-toe, heel-toe

	
  	
  

	
  	
  

	
  	
  

	
  	
  

✔

Keep your head up

	
  	
  

	
  	
  

✔

✔

	
  	
  

✔

	
  	
  

✔

✔

	
  	
  

	
  	
  

✔✔✔

	
  	
  

	
  	
  

	
  	
  

Walk heel-toe with long steps
Bend
at the Knee
Walk heel-toe,
with long

steps
Note: P1-P5 = Participant 1 – 5; number of ✔ represents the number of times a cue was
prescribed for home use. Participants were prescribed one, two, or three cues,
depending which cues were observed to be effective during the pre-intervention
laboratory session. When less than 3 cues were deemed effective, one or more cues
was prescribed more than once.

Participants received personalized video interventions created from a
template, but featuring only video footage and cues catered to each individual.
Participants watched approximately 50 seconds of their own non-cued and cued
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gait performance, followed by three minutes of practice with attention explicitly
directed to execution of specific cue featured in the gait performance immediately
preceding the practice period. Figure 1 provides an overview of the videointervention structure and flow. The sequence of watching gait performance and
practicing cued gait performance was repeated a total of three consecutive times,
which amounted to an average video duration of 16 minutes and 33 seconds.
See Table 3 for an accurate summary of the total time spent in each main
component of the video-intervention.

Figure 1
Video Schematic
Introduction
(20 seconds)

Video of Participant
(50 seconds)

"Welcome to
your walking
improvement
DVD!"

Baseline Gait
Cued Gait
Slow-Motion Cued
Cued Gait

Video of Participant
(50 seconds)
Baseline Gait
Cued Gait
Slow-Motion Cued
Cued Gait

Practice Period
(3 minutes)

Practice Period
(3 minutes)

Video of Participant
(50 seconds)
Baseline Gait
Cued Gait
Slow-Motion Cued
Cued Gait

Conclusion
(20 seconds)
Practice Period
(3 minutes)

"… remember to
write down the
time and date of

Figure1. Times indicated are an approximation of the duration of time allocated to each
aspect of the intervention video.
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Table 3
Time Allocation by Intervention Component (minutes:seconds)

P1

Viewing Gait
Performance
2:48

Practice
9:00

Transition or
Instruction
4:07

Total
15:55

P2

2:03

9:00

4:55

15:58

P3

2:33

9:00

5:00

16:33

P4

2:48

9:00

4:58

16:46

P5

2:31

9:00

4:23

15:54

Average

2:34

9:00

4:59

16:33

Note. P1-P5 = Participant 1 – 5. The intervention featured each of the two main
components (viewing gait and practicing gait) three times. Multiple brief transition and
instructional periods were included in natural intermittent positions. The times displayed
in the chart above represent the total time allocated to each of these sections
accumulated throughout the entire video.

Participants were given instructions to practice with their video intervention
every-other-day for a two-week period, and were asked to record the date and
time of practice along with observations or feedback from the practice session.
The purpose of recording practice details was twofold; it gave the authors
important information about feasibility of this intervention, and the solicitation of
specific details may have improved accuracy in reporting practice adherence.
According to participants’ practice journals, there was 100% adherence with the
frequency and duration of the practice protocol. All participants reported
engaging with their intervention seven times over two weeks, as directed by the
researchers.
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Participants were assessed in the laboratory for a post-intervention visit
two weeks after receiving their video interventions. During this laboratory session
non-cued spatiotemporal parameters of gait and functional mobility were
recorded respectively using the GAITRite® instrumented carpet and TUG test in
an identical manner as during the pre-intervention visit.
After the two-week post-intervention testing, participants were instructed
to use their video intervention as frequently or infrequently as they wished, and
were invited to return for a two-month follow-up session. The purpose of this
follow-up was to test retention of any improvements made during the postintervention stage. Participants were told that they did not have to use their video
interventions at all during this follow-up period. After this two month unprescribed
period four of five participants returned for a final laboratory session where noncued spatiotemporal parameters of gait and functional mobility were measured in
exactly the same manner as they had been measured in the pre- and postintervention sessions.

Results:
As expected, analysis of gait kinematics during the initial pre-intervention
visit showed that the verbal cueing strategies offered to participants were
immediately effective in the short-term. Table 4 shows these effects. All five
participants experienced step length increases during cued gait performances in
the preliminary laboratory visit, with a mean step length increase of 10.18 cm.
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Gait velocity decreased during cued gait performance in four of five participants.
The decrease in velocity seen during initial cueing may be related to the principle
described by Fitts’ Law where speed and accuracy are inversely related (Schmidt
& Lee, 2011). The inverse relationship between step length and gait velocity
observed during the cueing phase of this study suggests that verbal cueing from
researchers may have directed participants to focus on gait performance as a
“cost” of gait speed. This observation suggests that attentional resources were
divided between gait performances, and the act of thinking about the gait cueing
strategy (Yogev-Seligmann, Rotem-Galili, Dickstein, Giladi, & Hausdorff, 2012).

Table 4
Non-Cued and Cued Gait Kinematics During the Pre-Intervention Session
Step Length (cm)
NonCued

Cued

P1

47.3

P2

Velocity (cm/s)
∆

NonCued

Cued

56.3

9.0

94.3

83.0

-11.3

67.4

78.5

11.1

122.0

110.5

-11.5

P3

62.6

66.2

3.6

96.2

82.7

-13.5

P4

61.0

69.9

8.9

115.4

111.1

-4.3

P5

57.8

75.9

18.1

99.4

111.6

12.2

a

a

∆

Note. P1-P5 = Participant 1 – 5.
a

Cued data represent measurements from only those cues that were prescribed for

home-based practice in the video intervention
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At the post-intervention visit, after having participated in two weeks of
home-based training with the gait improvement DVD, all five participants had
increased non-cued step length (x̄ increase 6.42 cm / 10.77% change). Four of
the five participants had increased gait velocity (x̄ increase 16.13 cm/s / 15.07%
change), and four of five participants had improved functional mobility as
indicated by decreased TUG testing times (x̄ decrease 1.18 seconds / 9.73%
change). Table 5 provides an overview of these results, while Table 6 and Table
7 contain detailed data for all participants.
Four participants completed the 2-month follow-up visit, which measured
retention following prolonged unprescribed cueing practice. All four participants
who were measured at this time point had maintained step length improvements
relative to pre-intervention levels (x̄ improvement 2.45 cm / 3.90%). Three of four
participants maintained improved gait velocity from pre-intervention levels (x̄
improvement 10.97 cm/s / 9.94%), and all four participants maintained TUG
score improvements from pre-intervention levels (x̄ decrease 0.78 seconds /
4.20%). One participant was not measured at this time point due to pre-existing
joint pain. Refer to Table 6 and Table 7 for a complete description of these 2month results. Additionally, Appendix A presents a graphical representation of
this data.
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Table 5
Post-Intervention Summary of Results
Step Length (cm)

P1
P2
P3
P4
P5

Velocity (cm/s)

TUG Score (s)

2-Weeks

2-Months

2-Weeks

2-Months

2-Weeks

2-Months

✔

Marginally
Longer

Marginally
Slower

Marginally
Slower

✗

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

✔

Marginally
Better

✔

-

✔

-

✔

-

Note. P1-P5 = Participant 1 – 5; “✔” indicates > 3% improvement over baseline; “✗”
indicates > 3% decrease in performance from baseline; “Marginal” indicates (±) < 3%
change from baseline.
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Table 6
Non-Cued Gait Kinematics Across Study Timeline
Step Length (cm)

P1

P2

P3

P4

P5

Velocity (cm/s)

PreIntervention

2-Weeks
(% ∆)

2-Months
(% ∆)

PreIntervention

2-Weeks
(% ∆)

2-Months
(% ∆)

47.3

49.7

47.5

94.3

91.6

92.4

(5.1)

(0.4)

(-2.9)

(-2.0)

72.1

70.7

(7.0)

(4.9)

68.7

64.9

(9.7)

(3.7)

69.3

64.9

(13.6)

(6.4)

68.4

-

(18.1)

-

67.4

62.6

61.0

57.9

122.0

138.3

a

135.6

(13.4)
96.2

113.5

(11.1)

a

107.5

(18.0)
115.4

99.4

123.4

(13.3)

(6.9)

a

-

(15.7)

-

115.0

Note. P1-P5 = Participant 1 – 5; % ∆ calculated relative to baseline measurement.
a

Substantial change of ≥ 10 cm/s improvement as defined by Perera et al., (2006).

meaningful change of ≥ 5 cm/s improvement as defined by Perera et al., (2006).

a

(11.7)

a

130.7

a

b

Small

b
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Table 7
Functional Mobility (TUG) Changes Across Study Timeline
TUG Test (s)
Pre-Intervention

2-Weeks (% ∆)

2-Months (% ∆)

P1

28.0

30.0
(7.1)

25.9
(-7.5)

P2

8.6

8.3
(-3.5)

8.3
(-3.5)

P3

12.0

11.1
(-7.5)

11.5
(-4.2)

P4

13.3

11.3
(-15.0)

13.1
(-1.5)

P5

11.5

10.0
(-13.0)

-

Note. P1-P5 = Participant 1 – 5; % ∆ calculated relative to baseline measurement. A
negative change in TUG is an improvement (required less time to complete the task).

Discussion:
Results from the post-intervention and two-month follow-up time points
support the need for further exploration of this novel home-based gait retraining
intervention. This preliminary study highlights that individuals with mild to
moderate PD are capable of using verbal cueing strategies to improving gait and
sustain gait changes when engaging in a home-based program based on a motor
learning paradigm of training. Further, results suggest that this relatively
inexpensive and resource-light intervention may have empowered individuals
with PD to self-cue and, thus, facilitated long-term gait improvements (lasting at
least two months). The improvements in gait velocity observed in four of the five
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participants at the two-week time point, and three of the four participants at the
two-month time-point are clinically meaningful, according to the standards set by
Perera, Mody, Woodman, and Studenski (2006). Perera et al. investigated
meaningful gait speed improvements in a population of older adults with mobility
difficulties, subacute stroke survivors, and community-dwelling older people, and
determined that a small meaningful change in gait velocity is ≥ 5 cm/s, while a
substantial change in gait velocity is ≥ 10 cm/s. To our knowledge, there is no
published research investigating meaningful gait velocity improvements in a
Parkinson’s specific population, to which we could compare our results. Stride
length and gait velocity are two of the most common meaningful outcome
measures used by researchers in PD gait rehabilitation, and given the nature of
this study it was appropriate to employ these as outcome measures as well
(Spaulding et al., 2012; Werner & Gentile, 2010)
Our results support the possibility of “cue learning” by individuals with PD,
which was also observed by Werner and Gentile in their 2010 study. Specifically,
Werner and Gentile noted that participants appeared to have learned cueing
strategies after intensive laboratory practice in either of two groups. One group in
Werner and Gentile’s study received the verbal instruction to “take a big step”,
while the other group received this same verbal instruction in addition to
videotape feedback of their own walking taken from an immediately prior gait
performance. The results of their 2010 study indicated positive short-term effects
with long-term retention of the two intensive gait retraining strategies among an
initial group of 12 individuals with PD. The two training interventions used by
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Werner and Gentile required approximately 360-minutes of laboratory-based
training per patient, over a two-week period. Werner and Gentile appropriately
acknowledged that this is far more time spent in clinical gait training than is
typically available for an individual with PD. Our study addressed the need to
investigate a gait training intervention that would be less demanding on clinical
resources and, therefore, more feasible for clinical rehabilitation.
The home-based intervention tested in our study wove principles from the
field of experimental motor learning, including guiding principles for practice
distribution (Schmidt & Lee, 2011) and self-modeling in skill acquisition (Ashford,
Bennett, & Davids, 2006; Braaksma, Rijlaarsdam, & van den Bergh, 2002;
SooHoo, Takemoto, & McCullagh, 2004), with traditional cueing approaches
commonly used in management and treatment of Parkinson’s disease. By
design, the intervention requires fewer resources and can be implemented at a
relatively lower cost than traditional therapies that require research and/or clinic
visits on a regular basis. This intervention also moved training out of a laboratory
stetting and into a more natural environment, in order to offer an ecologically
relevant rehabilitation protocol.
While the authors incorporated specific principles of motor learning into
the current intervention design, the aim of this intervention was not to reach skill
automaticity, as is the usual goal of motor learning and skill acquisition. Given the
neurological underpinnings of PD we chose to use motor learning principles as
tools to facilitate self-cueing, and thus incorporated observational learning
through self-modeling in the intervention design. This approach appeared to
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teach participants strategies to control their own gait and, therefore, we consider
the intervention a “cognitive cueing approach”. This term refers to the process
whereby participants reported being able to cognitively recognize a decrease in
gait quality, and choose to incorporate verbal cueing strategies in order to
improve gait performance. This process resulted in improved non-cued gait
performance in laboratory sessions that followed the 2-week intervention period
and after 2-month unprescribed practice period.
The intervention tested in this study was novel and, therefore, it was
appropriate to execute a pilot study. However, the small study population
imposes a limitation, in that results reported here cannot be presumed to be
generalizable. A necessary next step is to implement this intervention in a
sample size large enough to detect statistically meaningful treatment effects. An
additional limitation of the study may also include reliance on participant selfreporting of practice protocol adherence. Efforts were made to minimize the
negative effects of self-reporting by soliciting specific details relating to the date,
time, and experiences of each practice session. It should be noted that during the
2-week intervention period, participants reported 100% adherence to the practice
protocol. If this reported adherence is not accurate and if, in fact, participants
practiced less than reported, the implication would be positive, suggesting that
the meaningful gait improvement reported in our results were achieved with less
practice than the authors expected would be required.
The clinical implications for this gait improvement strategy are significant.
If further testing in a larger sample size supports our preliminary results, this tool
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would help clinicians support their patients in an extraordinarily cost-effective
way. The feasibility of this gait retraining approach is enhanced due to the
minimal upfront costs, and small amount of time required for implementation.
Further, it is easily updated as patients progress through the course of their
disease, in either a positive or negative direction. This intervention indicated that
patients are able to articulate and implement their own cueing strategies, and this
method of involving patients in their own care is promising and should be
pursued. Perhaps the most significant aspect of this gait retraining intervention
was the observation that positive gait changes were muted, but not extinguished
after a prolonged passive-practice period, indicating that even very little directed
home-based practice may maintain meaningful long-term effects on gait
improvement among individuals with PD. Further investigation of this strategy
should be pursued. Future research should aim to maintain the intervention
design as best as possible, so that findings can contribute to growth of the
collective knowledge relevant to the clinical application of this intervention
approach.
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Chapter 3

3

Translating Research to Clinical Practice: Feasibility Considerations

One of the primary purposes of conducting the study featured in Chapter 2
was to assess the directionality of effects associated with the implementation of a
novel gait retraining intervention. Another essential objective of this study was to
determine the feasibility of this intervention from a clinician and researcher
perspective, and from the perspective of participants receiving the intervention.
The results section of Chapter 2 outlines the effects this intervention had on
kinematic parameters of gait, and this chapter (Chapter 3) elaborates on the
equally important feasibility considerations observed throughout the
implementation of the previous study.

3.1

Logistics and Feasibility of Intervention Production
The design of the intervention tested in chapter two was created with

feasibility considerations in mind. Specifically, it was created so that it would be
clinically relevant and would not require unrealistic resources to create, produce,
and support. By nature, the home-based video gait retraining intervention targets
a clinically relevant problem, because gait disturbances in Parkinson’s disease
are associated with increased risk of falling, and decreased quality of life
(Grimbergen, Munneke, & Bloem, 2004; Shulman, 2010; Shulman et al., 2008).
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The intervention required only one laboratory session where appropriate verbal
cues were established and video of participants walking was taken. This session
lasted no longer than 60 minutes per participant. However, because this
intervention was being tested as a research study, this initial laboratory visit
required baseline testing that wouldn’t be required in clinical treatment. It is,
therefore, reasonable to estimate that the necessary duration for a clinical visit
focused on preparing for this intervention would require a maximum of 45
minutes. A 45-minute physiotherapy visit is a normal length; therefore, this initial
stage required to implement this intervention in a clinical setting should be
considered feasible, from a time requirement perspective. While the initial study
visit was supervised by a combination of three to four researchers and clinicians,
in a treatment setting one clinician could fulfill two of the study roles (video
operation and instructional cueing), while the third role (data collection) would be
superfluous. In the case of this study, the fourth clinician / researcher present
during laboratory visits was observing and / or supporting but did not have a
specific role. Therefore, it is reasonable to estimate that one clinician could
execute all of the tasks necessary to prepare a patient for this home-based
training program within the constraints of one clinical visit.
Video footage of each participant was captured using a digital video
recorder (Sony DCR-TRV730) and a simple tripod located 4.5 meters from the
center of a 7 meter long GAITRite® instrumented carpet on which participants
performed each of their walking trials. The camera was located at a height of
1.48 meters. One of the researchers moved the camera on its tripod pivot as
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participants walked along the GAITRite® carpet, in order to keep each subject in
the center of the video frame. In a clinical setting this task could be performed by
the clinician giving the verbal instructions, insofar as the patient walked without
risk of falling. If a participant were ever known to have falling episodes during gait
performance, it would be recommended that the clinician walk alongside the
patient while another individual (a clinician or volunteer) operated the video
camera.
Most of the software used to make the intervention videos in the Chapter 2
study came standard with a Mac OS X operating system (® Apple Inc.). Any
clinician who uses a Macintosh operating system would, therefore, likely have
these tools already available without additional cost. The video recorded during
each participant’s pre-intervention visit was imported into iMovie (® Apple, Inc.).
This process was extraordinarily user-friendly and took approximately 15 minutes
to complete using a FireWire 800/400 9-Pin to 4-Pin cable, which connected the
video camera with the computer. Once an individual participant’s video footage
was loaded into iMovie, the authors identified appropriate video segments to
incorporate into that participant’s intervention. For each participant the
researchers selected three 10 to 15 second video segments, each representing
one of the cues that participants performed successfully in the laboratory.
Additionally researchers identified one 10 to 15 second video segment of noncued gait performance to use throughout the intervention video. This
collaborative process took no longer than 10 minutes per participant and could
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have been completed independently by a clinician experienced in treating gait
problems in PD.
Each video segments that was determined to be appropriate for use in the
intervention was moved from its location in iMovie into an iMovie project template
made by the researchers, and used for all participants (see Figure 1, Chapter 2).
This iMovie template featured all of the introductory and transition slides,
placeholders for the participant-specific video clips, and a three-minute
countdown timer located three times throughout the video. Surprisingly, the
authors found that iMovie did not include a user-friendly countdown timer tool
and, therefore, a downloadable program by the name of Countdown Maker
(Tasteful Works, Inc.) at a cost of $49 USD was used. The countdown timer
was an important design aspect of the intervention, as it tracked time during the
three practice periods, enabling participants to focus on gait without the
additional task of time keeping. The process of making a video template required
approximately three hours of upfront work, but once complete it could be used for
every participant, and can be seen as a one-time “investment” in the intervention
execution process.
The process of personalized intervention production that required the most
time per participant was the element of embedding participant-relevant audio
coaching into the intervention template. Each intervention featured embedded
coaching during the cued gait video segments and again during the practice
periods. The purpose of adding audio coaching to the cued gait segments was
twofold. First, it provided an opportunity to focus attention towards the video
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(silent video would have been less engaging). Second, and more importantly, it
enabled the researchers to highlight how a specific cue was facilitating improved
gait and to contrast cued gait performance with non-cued gait performances. As
an example of audio coaching, one video included the statement “…your walking
looked great when you focused on taking long steps, watch yourself do it in the
video here” during the first cued walking segment of the intervention. Another
intervention included the comment “watch yourself walking again here, and see if
you can keep this picture in your mind when you practice”. This statement was
embedded over video of a cued gait segment that immediately preceded a three
minute practice period. Personalized audio coaching was also included in each of
the three practice periods. At the one and two minute time points in each practice
section participants were reminded of the specific verbal cue they had been
instructed to focus on during that specific practice period and were given an
update on practice time remaining. For example, one participant received the
*

coaching: “Great job Tom ! You have two minutes remaining in this practice
period; keep focusing on taking long steps, just long steps”. Additionally, the
interventions included embedded coaching at the conclusion of each practice
period such as “All right Chelsea*, your first of three practice periods is over”.
Embedding the audio coaching took between 20 and 40 minutes for each
participant, and was completed by the author S.J.M. Participant comments
regarding the audio coaching suggested that this was a valuable component of

*

Name changed to protect the identity of participants
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the intervention and, therefore, authors would recommend including it in a clinical
application.
Once the editing process was completed in iMovie, each video was saved
as an .m4v file and transferred to DVD for participants’ home use. This aspect of
intervention production required some monetary investment, as a DVD writing
program does not come standard with the Mac OS X operating system. The
authors used Aimersoft DVD Creator for Mac (Aimersoft Studio, Inc.), a
downloadable program available at a cost of $49 USD. The cost of the DVD
discs used to record the intervention files was negligible, given the small sample
size used in this study. Widespread use of this intervention in a clinical setting
would require some consideration of the accumulating cost of DVD discs,
however small the cost of an individual disc may be. In this study, two
participants choose to use an iPad to interface with their video interventions,
which negated the cost associated with DVD production. Encouraging use of
personal tablet devices or computers could be a cost-saving option worth
pursuing in a clinical setting.
A final logistic consideration relevant to the intervention tested in Chapter
2 related to delivering the intervention itself to participants. Three of the five
participant interventions were personally delivered to participants by the author
within 24 hours of the initial pre-intervention laboratory visit. One participant
chose to pick up the intervention DVD from the laboratory 24 hours after
completing the pre-intervention visit, while another participant received the
intervention DVD five days after the initial pre-intervention visit due to a statutory
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holiday. All participants had between 14 and 15 days from the date of
intervention delivery to the post-intervention (2-weeks) testing session. Each time
the author delivered a participant’s intervention to his or her home, the author
previewed the video with the participant, and together the pair assessed
appropriate practice areas and strategies in the home. In a clinical setting,
intervention delivery would need to be considered. If a clinician were following a
patient with frequent appointments, an intervention DVD may easily be delivered
at a future visit. However, if a clinician were following a patient with long
durations between follow-ups, we would recommend alternative delivery methods
such as patient pick-up of the DVD whenever possible. Uploading the
intervention video to an e-mail server or cloud-computing program is not
recommended. Protection of patient confidentiality is always a primary concern,
and by uploading video to an online entity the clinician or researcher risks losing
control of this sensitive data.

3.2

Participant Adherence to Practice Protocol
An important consideration in the design phase of the gait retraining

intervention tested in Chapter 2 was how the practice protocol could be optimized
to facilitate practice adherence. A core component of the intervention related to
the aspect of it being home-based and unsupervised. The purpose behind this
design strategy was to facilitate gait improvements in a natural and relevant
environment. Additionally, the home-based, unsupervised aspect of the
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intervention enabled it to be executed at a low-cost, which is important as cost
can be a prohibitive factor in translating research interventions into clinical
practice (Glasgow, Magid, Beck, Ritzwoller, & Estabrooks, 2005). The field of
exercise research offers relevant strategies for promoting adherence to practice
protocol when practice is unsupervised. While the gait training intervention tested
in Chapter 2 was not prescribed for the purpose of exercise, the home-based and
self-directed aspects of the practice protocol are relatable to those encountered
in many exercise research interventions.
Courneya (2010) identified the differences between “traditional” exercise
studies, where participants are supervised for all exercise sessions, and
“contemporary” exercise studies, where participants execute all or part of an
exercise protocol independently. The latter type of exercise study typically
incorporates “behavioural support interventions” such as incentives, print
materials, or telephone counseling to encourage practice adherence (Courneya,
2010). The Chapter 2 study utilized practice journals as behavioural support
interventions. The practice journals encouraged practice adherence on an
individual level, and were used to assess the feasibility of the protocol
requirements by assessing whether participants could successfully incorporate
home-based practice into their day-to-day lives.
All participants in the study outlined in Chapter 2 were asked to engage
with their gait retraining DVD every other day for a two-week period. Specifically,
the practice instructions stated:
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•

Please watch your DVD and follow the practice instructions once everyother day.

•

The DVD is approximately 15 minutes long. Please choose practice times
when you expect to have 15 minutes of uninterrupted time.

•

When the DVD instructs you to practice walking in your house, please
choose a variety of routes and directions. You do not have to practice in
the same place every time.

•

Stay as focused as possible. Try not to let the phone, doorbell, or other
people in your home interrupt you.

•

Try to choose routes that avoid sharp or frequent turns.

Participants recorded the date and time of each practice in the practice journal,
and were asked to briefly reflect on their experience after each practice session.
According to entries in the practice journals, all five participants practiced a total
of seven times in the two-week intervention period, and all adhered to the “everyother-day” schedule. One participant modified practice protocol, choosing to
watch the intervention DVD without practicing, and commenced nine minutes of
walking practice immediately thereafter, despite researcher instructions
otherwise.
Two participants consistently recorded practice times in the morning, one
participant consistently recorded practice times in the evening, and two
participants recorded varying practice times throughout the day. Comments from
the later two participants indicated that each made conscious efforts to include
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practice in their schedules despite other ongoing life commitments. This “fittingin” of practice suggests a high level of commitment from the participants and may
imply that both participants recognized value in the intervention.

3.3

Participant Feedback

Feedback regarding the intervention and participants’ experiences
throughout the intervention was collected from participants during laboratory
visits after the two-week intervention period and after the two-month
unprescribed practice period. The researchers conducted brief, unstructured
interviews that were directed towards understanding the participants’
experiences using the intervention and determining participants’ perceptions of
how, if at all, the intervention affected their walking. A content analysis was
conducted, in which participant feedback was categorized as: results oriented
feedback, positive aspects of the intervention, and areas of the intervention that
could have been improved upon. The types of questions researchers asked
during the unstructured interviews partially shaped the nature of these
categories, but participants were strongly encouraged to respond to these
questions with honesty, and were frequently reminded that any negative
comments were welcome, and would help to improve future iterations of the
intervention.
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Two themes emerged from within the category of results oriented
feedback participants shared. One theme relates to mobility improvements, and
the other theme relates to a sense of empowerment that participants attributed to
their participation in the intervention. Each of the five participants reported feeling
that either their gait, specifically, or their mobility, generally, had improved
through their experience with the intervention. At the two-month follow-up visit
one participant reported that by incorporating cueing strategies he believed he
experienced fewer freezing episodes and falls. All participants reported that
either they or their spouse felt that the intervention had improved their walking.
Both of the two female participants reflected on the feeling of empowerment that
they experienced after participating in the study. One specifically commented that
the self-cueing strategies she had learned gave her the feeling of “having control
again”, and continued to elaborate on how the cueing strategies contributed to
her self-esteem.
The majority of feedback from participants focused on various positive
aspects of the intervention. When asked about the usefulness of receiving video
feedback, participants expressed that they felt the video was helpful, and in most
cases participants indicated that the contrasting video from “non-cued” gait to
“cued” gait was a particularly useful and motivating aspect of the intervention.
Four participants explicitly commented on using both the video images and
cueing strategies to improve their walking outside of the intervention practice
time. These comments illuminated the usefulness of the specific cueing
strategies and suggested that participants became aware of their ability to shift
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from difficult or poor walking to improved walking. Participants also commented
on the usefulness of the audio coaching that was embedded throughout the
intervention, with specific feedback relating to the coaching embedded during
each of the three-minute walking practice periods.
All participants were explicitly asked to give feedback on areas of the
intervention that could have been improved upon. An emphasis was made on the
nature of this research being part of a pilot study where constructive criticism was
welcomed and would contribute to improvements in future iterations of the
intervention. Only two participants commented on aspects of the intervention that
could have been improved. One suggested that the two-week intervention period
may have been too short stating that it may take “a littler longer than 2 weeks” to
benefit from the video. This comment came after the two-month unprescribed
practice period, at which point the participant had sufficient ability to reflect on the
two-week intervention experience. Another participant noted that the DVD
progressed too slowly, and that the slow motion sections of the cued gait footage
were not necessary. The later comment came after being explicitly asked
whether the slow motion segments were useful. Additionally, this participant used
an iPad to engage with the intervention, which was reportedly “a little too touchy”
to carry during walking, which was a problem because this participant hoped to
practice with the intervention in an outdoor environment where the iPad could not
be left behind.
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3.4

Feasibility Summary

The home-based gait retraining intervention outlined in Chapter 2 offers
an opportunity for clinicians to support the ongoing mobility challenges faced by
individuals with PD at a very low cost. From a cost-effectiveness perspective,
one of the most appealing aspects of this intervention is that once the
intervention template has been made and the hard- and software have been
purchased (camera, tripod, computer, movie editing program, DVD writing
program), the intervention cost per patient is quite low. Additionally, many
movement specialists (eg: physiotherapists and neurologists specializing in
movement disorders) already use video cameras as clinical tools, and it is likely
that the necessary equipment is easily accessible to clinicians who may like to
employ this intervention approach. The home-based aspect of this intervention
may be useful for patients who have trouble traveling into clinics for frequent
rehabilitation sessions, and for clinicians who can use clinical time to consult,
rather than train, patients.
Overall, the intervention had overwhelmingly positive responses from
participants, and spouses who attended the research sessions. Participants
reported feeling that the intervention improved their gait, but they also reported
positive emotional effects such as a fortified sense of ability and a revived sense
of empowerment. While not formally assessed in this research study, these
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qualitative aspects of the intervention appeared important to participants. Future
studies should consider objectively assessing participants’ attitudes towards their
gait abilities before and after home-based gait retraining. It would also be
worthwhile to consider if positive emotional experiences such as those conveyed
by participants in the Chapter 2 study are related to the outstanding practice
adherence self-reported throughout the study.
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Chapter 4

4

Summary, Conclusions, and Future Directions
This thesis explored the impact and feasibility of an innovative home-

based video gait retraining intervention designed to facilitate gait improvement in
individuals with PD. Building from a strong foundation of research that has
exposed positive effects of external cueing on gait in PD (as explored in
Chapters 1 and 2), the intervention tested in Chapter 2 approached the verbal
cueing rehabilitation strategy from a new angle, aiming to facilitate meaningful
and long-term gait improvement. A theoretically robust intervention was designed
by combining verbal cueing strategies with principles from the academic field of
motor learning. As this thesis outlines, the resulting intervention is associated
with preliminary positive results on gait kinematics and functional mobility, as well
as tremendously positive feedback from participants and researchers with
respect to the feasibility of implementation and use. Participants reported liking
the intervention and their feedback suggests that it may have had a positive
impact on self-efficacy and self-perception. An important aim of the intervention
was to produce measurable gait improvements in individuals with PD, but the
intervention appears to have surpassed this goal, facilitating individual
empowerment, which may have important ramifications on how an individual
copes with and manages PD diagnosis.
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4.1

Conclusions
The first phase of the study presented in Chapter 2 included a comparison

of baseline gait kinematics and functional mobility, measured in five participants
before and after completion of a 2-week home-based gait retraining intervention.
This comparison showed that from pre- to post- intervention, step length
increased in all five of five participants (x̄ increase 10.77%), gait velocity
increased in four participants (x̄ increase 15.07%), and TUG scores improved in
four participants (x̄ improvement 9.73%). The next phase of the study included a
2-month period of passive unprescribed practice, which four of the five
participants completed. All four of these participants maintained improved step
length compared to baseline measurement (x̄ improvement 3.90%), three
showed improved gait velocity (x̄ improvement 9.94%), and all four showed
improved TUG scores (x̄ improvement 4.20%).
The quantitative results relating to gait kinematics and functional mobility
changes observed across the study timeline described in Chapter 2, give
credence to future testing of the video-intervention approach in a larger sample
size. By establishing preliminary data, which suggests the intervention may
produce positive outcomes in a group of individuals with mild to moderate PD,
this thesis has laid the foundation for future hypothesis testing. The results of this
study have added to evidence in support of the notion that people with PD are
capable of motor learning, and we encourage further investigation of this topic.
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4.2

Future Directions

The intervention discussed in this thesis may become a valuable
rehabilitation tool; however, a necessary next step is further testing in a sample
size large enough to detect treatment effects. This scaled-up testing may, then,
determine if the results presented in this thesis are reproducible and if
conclusions can be made to inform clinical practice. To accomplish this task,
future research could include methodology that incorporates within-subjects or
between groups analysis of variance model.
A future quantitative study may also consider a prospective cohort model
that follows individuals with early PD, not yet showing gait impairment, monitoring
how gait symptoms progress relative to a group of individuals not receiving
preemptive gait training. This approach may be particularly appropriate given that
a close review of the data presented in this thesis indicates that participants with
worse gait at baseline may have benefited the least from participation. This
would need to be carefully balanced with the reality that participants without gait
impairment may exhibit little motivation to practice cueing strategies.
It would also be interesting and worthwhile to add a qualitative aspect to
future studies investigating the effects of this intervention. After participating in
this intervention many participants reported feeling a renewed sense of control
over their own gait, which was sometimes accompanied by feelings of
empowerment and optimism. These complex sentiments should be examined
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further through a qualitative lens. A mixed-methodological approach that would
assess the emotional and/or psychological impacts of this intervention, while also
examining its quantitative effects on gait would offer an enriched perspective on
the clinical application of this home-based video gait retraining tool.
An important aspect in the design of the intervention presented in this
thesis was its clinical relevance. Every effort should be made in future research
investigating this strategy to ensure that the intervention remains clinically
feasible and useful. In the case of this study, a clinical neurologist and two
occupational therapists provided invaluable support and guidance in developing
this intervention towards a clinically applicable endpoint. This perspective may
also be achieved in future studies through consultation with an interdisciplinary
team of rehabilitation clinicians.
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Appendices
Appendix A: Graphical Representation of Data Presented in Chapter Two
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Appendix B: Intervention Participation Materials

DVD Case Cover

DVD Front
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Practice Journal Cover
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